C
hromosomes are highly organized in the cell, yet they undergo dynamic conformational changes throughout the cell cycle. Such conformational changes become crucial, particularly when duplicated chromosomes (sister chromatids) separate from each other before cell division. From a mechanistic point of view, two fundamental processes must operate for successful separation of chromosomes. One is protein-mediated packaging of the DNAs to make duplicated chromosomes compact (i.e., condensation), and the other is complete removal of entanglement between sister DNAs created in the process of DNA replication (i.e., decatenation). Although it has long been suspected that the two processes must be coordinated with each other, direct evidence for this idea remains scarce. A pair of papers published in PNAS now reports a complementary set of evidence for the physical and functional interactions between the major players responsible for condensation and decatenation (1, 2) .
The condensation of chromosomes in eukaryotes is supported primarily by the "condensin" complex, which contains the structural maintenance of chromosomes (SMC) proteins as the core ATPase subunits (3) . SMC proteins are widely conserved in the three domains of life. In a subclass of γ-proteobacteria, including Escherichia coli, an SMC-related protein known as MukB functions as the core subunit of a bacterial condensin complex (4, 5) . The decatenation of sister DNAs is promoted by type II DNA topoisomerases that catalyze the strand passage reaction via transient double-strand break and reunion. In E. coli, topoisomerase IV (Topo IV), a heterotetramer composed of ParC and ParE (ParC 2 ParE 2 ), is known to function as the major "decatenase" (6, 7). In fact, previous studies established that MukB and Topo IV are both required for rapid and efficient chromosome segregation in E. coli (4, 6) . A conceptual framework for putative interplay between condensin and Topo IV is shown in Fig. 1A .
As part of their long-term efforts to understand the molecular mechanisms behind chromosome segregation in E. coli, Hayama and Marians (1) searched for binding partners of ParC by a yeast two-hybrid screen and identified MukB as one of them. Biochemical experiments confirmed a direct and highly specific interaction between MukB and the C-terminal domain (CTD) of ParC. ParC is the DNA-binding subunit of Topo IV, and its CTD acts as the geometry sensor for specific DNA substrates (8) . These investigators further found that a small region (termed the "fifth blade") in the CTD is required for ParC to interact with MukB and that two point mutations (R705E and R729A) in this region abolish their interaction. To test whether the observed physical interaction might be functionally relevant, these researchers reconstituted Topo IV containing either WT ParC or mutant ParC (R705E-R729A). The reconstituted WT and mutant Topo IV exhibited indistinguishable activities in the two biochemical assays for Topo IV activities (decatenation and relaxation assays). When MukB was added to the reaction mixtures, however, the relaxation activity of WT Topo IV but not that of mutant Topo IV was substantially stimulated. MukB also modestly stimulated the decatenation activity of WT Topo IV but not that of mutant Topo IV. These results provide strong lines of evidence that MukB directly interacts with Topo IV through The E. colicondensin complex is composed of three subunits: MukB, MukE, and MukF (15) . The MukB dimer (blue) is a large V-shaped molecule composed of two coiled-coil arms with ATP-binding "head" domains at their distal ends (5) . The "hinge" domain, located at another end of each arm, mediates MukB's dimerization. The regulatory subunits MukE and MukF (light blue) associate with the head domains to link them within the same complex or between two different complexes. Topo IV is composed of two copies of ParC (green) and two copies of ParE (yellow) (6, 7) . According to the current studies (1, 2) , the hinge domain of MukB directly interacts with the CTD of ParC and stimulates the activities of Topo IV. The condensin complex and the decatenase enzyme could form a higher order assembly either in the presence or absence of DNA. Shown here is an example of putative arrangements as proposed by Li et al. (2) . (1) and show that MukB-D appears sufficient to stimulate the relaxation and decatenation activity of Topo IV. These investigators then switch gears to identify mutations in the MukB hinge domain that fail to complement the temperature-sensitive growth phenotype of a mukB − strain. The resulting mutant MukB was found to display a reduced affinity to ParC in vitro, supporting the idea that a MukB-ParC interaction is likely to be important for the in vivo function of MukB.
Thus, the pair of studies demonstrates that MukB uses its hinge domain to interact directly with Topo IV through the ParC CTD (Fig. 1B) and stimulates its topoisomerase activities in vitro. Then, mechanistically, how might MukB stimulate Topo IV's activity? MukB could directly stimulate the catalytic activity of Topo IV through a protein-protein interaction, or MukB could help to load ParC onto the DNA via their physical interaction. In this regard, the crystal structure of ParC provides an intriguing insight (8) . The ParC CTD is connected by a well-ordered linker to the N-terminal DNA-binding region of ParC and is placed at an outer surface of Topo IV holoenzyme, like an "appendix" (Fig. 1) . Biochemical experiments indicated that the ParC CTD functions as a determinant of Topo IV's specificity for catenated DNA and positively supercoiled DNA. Notably, the ParC CTD is highly diverged from the corresponding domain MukB uses its hinge domain to interact directly with Topo IV through the ParC CTD.
of GyrA, a subunit of DNA gyrase (another type II topoisomerase in E. coli) that displays a strikingly different substrate preference. It is therefore plausible to speculate that MukB-mediated conformational changes of the CTD modulate the activity and/or substrate selectivity of Topo IV. An alternative model might be that MukB reconfigures DNA to produce an optimal substrate for Topo IV. Although such a mechanism has been discussed before in the literature (9, 10) , it is possible that the robust protein-protein interaction between MukB and Topo IV observed here helps to increase the probability and efficiency of desired DNA transactions (i.e., decatenation). The observation that the MukB hinge domain alone is able to stimulate Topo IV activity (2) may argue against this model, however. Clearly, a number of questions remain to be addressed. Why does MukB stimulate the relaxation activity of Topo IV more efficiently than its decatenation activity in vitro? How might the MukBEF condensin holocomplex (rather than MukB alone) influence Topo IV activities? Are the physical and functional interactions between MukB and Topo IV observed in vitro indeed relevant to their functions in vivo? Although the currently available data suggest that the answer to the last question is likely to be yes, more concrete lines of evidence are required to draw a conclusion.
Finally, what are the implications of the current studies in our understanding of the condensin complex and the decatenase [topoisomerase II (Topo II)] in eukaryotes? Condensin and Topo II colocalize to the axial region of metaphase chromatids and cofractionate into a biochemical fraction often referred to as the chromosome scaffold (11) . Genetic studies also support the idea that they functionally interact with each other (12) . It should be emphasized, however, that there has been no tangible evidence in eukaryotes for a specific and direct interaction between condensin and Topo II in vitro (e.g., refs 13, 14) . In summary, the pair of papers discussed here provides a partial if not complete answer to one of the relatively old questions in chromosome biology and undoubtedly reinvigorates fruitful discussions between the prokaryotic and eukaryotic fields. The question of how an entangled pair of duplicated DNAs might be separated from each other is as equally fundamental as the question of how a DNA molecule might be copied. Indeed, all forms of life on earth must deal with this problem. 
